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Abstract 
Industrial robot is widely used in small and medium workshops, however, the robot cooperating with other devices are important aspect 
for achieving the full autonomous system. This paper reports on the development of line follower mobile robot correlated with ABB 
industrial robot manipulator. The line follower mobile robot is a prototype model design and fabricated for material handling purpose. 
Thus, hardware components as well as software programming are concurrently developed with each other. Meanwhile, a specific micro-
controller for the line follower robot associated with the ABB main controller is developed.  A sensory system also attached for 
completing the operational loop. Experimental operation shows fully successful for the developed system. Hence, ABB industrial robot 
could incorporates further in low cost fully automation system. 
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1. Introduction  
This Project idea came up with the increasing need for more production output in industries today where things are 
expected to be done within a short period of time [1] The idea is useful when it comes to objects being transferred to a 
different section of the industry for further work to be done on the object, thereby elimination the need for humans to slowly 
carry them one after the other. The ABB robot used for this project is the IRB1410 which is a type of an ABB industrial 
robot with 6-axis therefore having 6 degree of freedom [2]. The Line Follower robot is a robot that follows a specific path 
on the ground, for this application the line follower robot follows a black line while conveying the object placed on it by the 
ABB robot from one point to another. It is controlled by a PIC 16f873 micro controller.  
2. System Description  
2.1. The IRB1410 Manipulator  
Fig 1 shows the block diagram of the ABB industrial robot system (IRB1410) and the developed line follower robot.  
The robot manipulator is the main body of the robot which consists of the link, joints and other structural element of the 
robot. The IRB1410 is a 6 axis floor mounted robot with a handling capacity of 5Kgm weight of 225Kg, repeatability 
position accuracy of 0.05mm and reach of 1.45m, the average speed of the robot based on TCP velocity is 2.1m/s [2].  
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It is equipped with the IRC5 controller and robot control software (Robot ware or Base ware) which supports every 
aspect of the robot system such as motion control, development and execution of application programs. For this application, 




























Fig. 1 System blocks diagram. control components and diagram for IRB1410 ABB robot and line follower robot 
 
The robot workspace is the maximum extent to which the robot manipulator can reach. This characteristic of the robot is 
depending on the configuration [1]. 
 
2.2. End Effector  
The End effector of a robot is the part that is connected to the last joint of the manipulator; it is used to handle the work 
piece that is being worked on by the robot. For this application, the end effector was used with a 2 horse power XN2040 air 
compressor to provide the suction air to the vacuum equipment. This air supplied is controlled by a solenoid controlled 
directional control valve of which its solenoid is actuated by the robot controller when air is needed for the end effector to 
be able to pick an object effectively. 
The tip of the end effector was made with rubber so that the end effector and the vacuum air pressure can make good 
impact with the work object being picked [6] 
2.3. IRC5 Controller 
The IRC5 controller is the robot controller which contains the electronics required to control the manipulator, additional 
axes and peripheral equipments of the ABB robot. It is made up of 2 modules;  
The drive module which contains the drive system which is basically the power electronics supplying the robot motor. 
The control module which is basically the control electronics, it contains the computer, operator’s panel, the main switch, 
communication interfaces, flex pendant connection, service ports and ABB input output board [2]. The controller also 
includes all basic functions for the operation and programming of the robot through the flex pendant.  
For this application, 3 OMRON MY2NJ 24VDC relay were connected to the controller, these relays were used as part of 
the synchronizing devices to make connections with the robot controller digital input output port, One of which controls the 
solenoid of the directional control valve thereby switching activation of the end effectors vacuum system while the other 
two was connected from the limit switches, through the relay and to the digital input output port of the robot controller. This 
signals sent to the controllers were configured using the flex pendant and it was used for the programming of the pick and 
place system. This ensured a fully automated system.[6] 
2.4. Flex Pendant  
It is usually called a teach pendant unit, It is a hand held smart device used with the IRC5 controller; It is similar to a 
computer as it has its own processor and operating system. It is used to perform many of the tasks involved when operating 
a robot system; running programs, jogging the manipulator, modifying programs, setting configurations, e.t.c [2]. 
The flex pendant has a USB port where programs which has been done using software can be uploaded to the system, 
the port is basically used to read and save files. It was used to create the pick and place program by jogging the robot axis to 
the targets and creating move instructions in routines as well as configure the input output connections which were made to 
ensure that the system works as expected [2] 
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2.5. Robot Studio Software 
This software is a application for the offline training, creation, programming, simulation and optimization of the robot 
system without disturbing the real system; it can also be used for working in online mode on the controller [2] 
It is controlled using the ABB virtual controller which is an exact copy of the real software that runs the real robot this 
ensures a very realistic simulation where the exact robot movements can be seen. In this software, the programming can also 
be controlled by a Virtual Flex pendant which is a graphical representation of the real Flex pendant powered by the Virtual 
controller; this therefore means that everything that can be done in the real flex pendant can also be done in the software. 
For this project, solid works software was used to modeling while the robot studio was used to explore the programs 
being done by the flex pendant; it also helped me understand the use of the flex pendant by using the virtual flex pendant. In 
other for the pick and place program to be written using the software, the whole work station with the work object has to be 
modeled with accurate dimensions and imported into the robot studio software using the system created from the real 
system back up folder, this is done so that any movement programmed in the robot studio can accurately be used without 
much fine tuning in the real system [3].  
2.6. PIC16F83 Microcontroller  
The PIC 16F873 is the brain of the line follower robot, it is the microcontroller controlling the general operation of the 
line follower robot. This is done by connecting the pins of the microcontroller to the motor driver to control the movement 
of the line follower robot.  
The motor driver is the element that controls the direction, speed and movement of the motors which are the actuators of 
the line follower robot system, for this application the L293D motor driver was used which is a 16 pin dual in line integrated 
circuit package that can be used for simultaneous, bi-directional control of two motors. The motor speed is controlled by 
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                                    Table 1. Motor driver input to control one motor 
ENABLE DIRA DIRB FUNCTION 
 
HIGH LOW LOW NO MOVEMENT 
HIGH LOW HIGH REVERSE MOVEMENT 
HIGH HIGH LOW FORWARD MOVEMENT 
HIGH HIGH HIGH NOT ALLOWED 
LOW LOW/HIGH LOW/HIGH NO MOVEMENT 
 
If table footnotes should be used, place footnotes to tables below the table body and indicate them with superscript 
lowercase letters. Be sparing in the use of tables and ensure that the data presented in tables do not duplicate results 
described elsewhere in the article.  
2.7.  Infrared Sensor  
The infrared sensor is based on the IR emitter and IR receiver or detector which is usually mounted side by side to each 
other in other to ensure full sensing. This sensor module was used because of its ability to detect highly contrasting colors. 
This sensor uses the concept of light reflection, the voltage output of this sensor only drops whenever the surface being 
sensed is reflected to the receiver (white surface), if the surface that is close to the sensor module is a non reflective surface 
(black surface) the sensor voltage output will not be dropped. Hence the voltage output remains the same for black surfaces 
and will drop when a white surface is detected. For this application, 3 of this infrared sensor modules where used as the line 
detection sensor to calibrate the movement of the line follower robot. The sensor detecting the object which is placed on the 
line follower robot is also using this same concept. 
The system diagram shown in Fig. 3 basically explains the theory of operation of the whole system, the rectangle by the 
side signifies the table on which the line follower moves, the limit switch start and stop signifies the synchronizing device 
that the line follower uses to send the signal to the IRB1410 ABB robot that it has reached the final destination, limit switch 
start sends the signal for the robot to pick and object from the picking platform and place it on the line follower robot 
system while limit switch stop sends the signal for the robot to pick the conveyed object from the line follower robot system 
and place it on the placing platform. The pick 1 to pick 20 are routines programmed in the IRB1410 ABB robot to pick 
objects at the positions specified for each object, The pick a is the routine created for picking the object from the line 
follower robot system. The programmed routines for the picking on platform and on the line follower robot system are the 
same, the difference between all the routines are the positions where they are executed.  
These pick routines are programmed in the sequence outlined below: 
x Move the robot End effector to a position just above the object with its tool center point facing downwards. 
x Move the tool center point linearly downwards till there is enough contact with the object. 
x Wait for 0.5 seconds. 
x Turn on the vacuum gripper. 
x Wait for 0.5 seconds. 
x Move the tool with the object attached linearly upwards to a point above the place where the object was picked [4].  
The place 1 to place 20 are routines programmed in the IRB1410 ABB robot to place objects at the positions specified 
for each object, The place a is the routine created for placing of the object on the line follower robot system. The 
programmed routines for the placing performed on platform and on the line follower robot system are the same, the 
difference between all the routines are the positions where they are executed. These place routines are programmed in the 
sequence outlined below 
x Move the robot End effector with the already picked object (vacuum gripper activated) to a position just above where the 
object is supposed to be placed with its tool center point and the object facing downwards. 
x Move the tool center point and the object linearly downwards till the object aligns with the hole created on the platform 
for the object. 
x Wait for 0.5 seconds. 
x Turn off the vacuum gripper. 
x Wait for 0.5 seconds. 
x Move the tool center point linearly upwards to a point above the place where the object was dropped.  
The line following concept of the robot is achieved by the infrared sensor sending information about the surface being 
detected at a particular time to the microcontroller which then uses the motor driver to calibrate the movement of the robot 
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to maintain the robot moving in the specified path. When an object is placed on the line follower robot the movement of the 
robot is in the forward direction while following the line and when there is no object being detected by the line follower 
robot the movement of the robot us in the reverse direction. The navigation of the robot through the curved specified path is 
achieved by stopping one of the motors to enable the robot perform a right or left turn this navigation system is known as 
the differential drive steering system while the clock wise and anti clock wise movement of the motor is achieved by setting 
the appropriate pin of the motor driver high or low [5]. The designed line follower robot is shown in Fig. 4.  
 
  
Fig.4 The line follower robot                                                              Fig 5. Full Workstation in robot studio for simulation 
3. Software Development  
Fig.5 shows the workstation of the ABB robot in the RobotStudio simulation. The flowchart for the ABB robot and line 
































Fig 6. Flow chart for line follower robot programming.                                           Fig 7. Flow chart of IRB1410 ABB Robot system 
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4. Robot Interface  
The Line follower robot and the pick and place robot were synchronized to work together using a limit switch which was 
attached to the boundary and connected to the controller of the IRB1410 ABB robot, therefore whenever the line follower 
robot gets to its final stop which is at the boundary, activation of the limit switch activates the part of the code where the 










































Fig. 8. Full system operation sequence of 1 cycle of pick and place and line follower movement. 
4.1. IRB1410 Robot  
The robot was taught each position of the sequence by manually jogging its joints and links to set the end effector at the 
appropriate position and creating the appropriate move instructions, wait instructions and digital output instructions to form 
routines for the pick and place program. 
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4.2. Line Follower Robot  
The line follower robot after being tested was realized to be very sensitive to any break in the black line especially in 
curves where the differential steering system takes place. It was also observed that it moves straight and works better on a 
0.7 inch line as compared to its performance on a 1.25 inch and 1.9 inch line. 
 
 
Fig 9. Line follower robot on different sizes of black line 
5. Conclusion  
The IRB1410 ABB industrial robot has been programmed to perform the pick and place operation, the designation, 
development and programming of the line follower robot system has also been done and both robots were synchronized to 
work together such that objects were being transported from one point to another automatically. A fully automated system 
has been created therefore the aims of this project has been successfully achieved. 
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